The mineral content of milk from sheep, goats and cows bred in Malta and Gozo were determined for the first time. Two hundred and twenty samples were collected from cow, sheep and goat farms in Malta and Gozo. Ten macro and micro minerals were analysed, using microwave plasma-atomic emission spectrophotometry.
Introduction
The Maltese archipelago is situated at the centre of the Mediterranean Sea. It consists mainly of three inhabited islands: Malta, Gozo and Comino. The two main islands, Malta and Gozo, cover an area of approximately 300 km 2 and 100 km 2 , respectively. On these islands, there are five dairy goat breeds which are the Maltese, the Saanen, the Alpine, the Girgentana and the Cross-Breed and with regards to dairy sheep, there are the Maltese, the East Friesian, the Comisana and the Cross-Breed. However the most common dairy breeds for both sheep and goats are the Cross-Breed, a hybrid cross between the Maltese and the East Friesian in the case of sheep and a hybrid cross between the Maltese and Saanen or Alpine for goats. There are four dairy cattle breeds which are the Jersey, the Brown Swiss and the Estonian Red Cattle and the Holstein-Frisian, the latter being the most common breed present on dairy cow farms. Dairy farms are distributed all around the Maltese Islands. According to the 'Malta Veterinary and Phytosanitary Regulation Directorate ' (personal communication, 2015) , in November 2014 in Malta there were approximately 85 dairy cow farms and approximately 1339 farms that involve dairy sheep and goats while in Gozo there were approximately 35 dairy cow farms and approximately 561 farms rearing dairy sheep and goat.
Due to its chemical and sensorial characteristics, together with its microbiological traits and variousness, Pirisi et al. (2011) state that milk deriving from sheep and goats is especially used for cheese making particularly around the Mediterranean basin, namely in France, Italy, Spain and Greece. In Malta and Gozo, dairy cows, sheep and goats are reared primarily for their milk which is either used for own consumption, sold to dairy processing plants for the production of dairy products or used for the production of traditional homemade cheeselets, particularly sheep milk. Cheese making usually takes place on farm or in a room that is close to the farm and traditional cheeses in the mentioned countries except for Malta (until now) are protected by the Protected Designation of Origin (PDO) and the Protected Geographic Indication (PGI) certification.
With regards to the introduction of innovative products on the market, according to Escareño et al. (2013) , dairy goat production is common in the Mediterranean basin particularly in France, Spain, Greece and Italy and its economical importance is highlighted by the fact that even though Europe holds only 5.1% of the world's dairy goat herds, it produces 15% of the world's goat milk. However in Malta, even though goat milk was very popular in the 1800s', according to Wyatt (2009) its popularity declined after the Brucellosis outbreak in the 1880s' that was particularly linked with consumption of raw goat milk. However, adequate pasteurisation eliminates this problem and hence, considering the unique characteristics of goat milk and increase in consumers' demand; it would be sustainably viable to start a local market campaign on goat milk.
The aim of this study is to evaluate the mineral content of milk deriving from cow, sheep and goat farms in Malta and Gozo and to determine any significant differences in milk between the two islands. As small ruminant farms are the most predominant on the islands, sheep and goat milk was analysed for comparative purposes against cow milk.
Materials and Methods

Milk Samples
During 2013 and 2014, 220 milk samples were collected from dairy cow and small ruminant farms in Malta and Gozo. The pooled samples were collected from the bulk tank or from the pail, depending on the farm's milking procedure. The aim of pooled samples collection rather than collecting samples from individual heads was to have a general idea on the milk composition of Maltese and Gozitan farms. There were 30 farmers who provided more than one type of milk, reducing the number of farms sampled to 190. The number of samples collected from cow, sheep and goat herds were 102, 89 and 29 samples, respectively. The samples were collected between October 2013 and March 2014 since during these months, small ruminants are in their lactating phase.
Sample Preparation
The method described by Güler (2007) , for acid digestion prior to mineral analysis, was followed with slight modifications. Briefly, milk samples (2 ml) were carefully transferred to labelled porcelain crucibles and treated with 5% HNO 3 . The cups were placed on a hot plate under the laminar cabinet for approximately 75 minutes until the solution was dried out. The resultant acid-treated samples were then subjected to a temperature of 500 °C for a period of 4 hours. The ash samples were then dissolved in 5 ml of 5% nitric acid solution and transferred to 50 ml volumetric flasks. The volumes were topped with de-ionised water. All crucibles, glassware and plasticware used were soaked in a 5% nitric acid solution overnight, and then rinsed with deionised water.
Mineral Analysis
An Agilent 4100 MP-AES (Agilent Technologies, Santa Clara, CA, USA) was used. Calibration curves for the metals were obtained by preparing serial dilutions from the Agilent Technologies -ICP-OES wavelength calibration solution. For each mineral, the wavelength was selected manually at the appropriate background positions for each mineral peak. The instrument setup and general experimental conditions are summarised in Table 1 . The samples were analysed in triplicates. 
Statistical Analysis
The data concerning the cow, sheep and goat milk of the Maltese populations, were subjected to One-way analysis of Variance with the Bonferroni post-hoc test by using Prism v. 5 (GraphPad Software, Inc., USA) in order to determine differences in the elemental content values for the species and locations interactions. Principal Component Analysis and Pearson correlations were conducted on all samples, using XLSTAT v.2014.4.04 (http://www.xlstat.com, Addinsoft) to determine any clustering for the species and locations. The significance level was considered at p < 0.05.
Results
The mineral analysis for the cow, sheep and goat milk obtained from farms in Malta and Gozo, are illustrated in Table 2 . No significant difference in the mean concentration of Fe in cow and goat milk between Malta and Gozo was observed; however a significant difference was observed in the Fe content of sheep milk between the two islands (p < 0.05). Interspecies differences were significant; with sheep milk Fe being higher as compared to cow and goat milk Fe content (p < 0.05).
The mean concentration of Ca in sheep and goat milk between Malta and Gozo did not vary significantly; however a significant difference was observed between the Ca concentrations of cow milk between the two islands (p < 0.05). Interspecies differences were significant; with sheep milk Ca being higher as compared to goat and cow milk Ca content (p < 0.0001).
There was no significant difference in the mean concentration of Mg in sheep and goat milk between Malta and Gozo however a significant difference was observed in Mg concentration in cow milk between the two islands (p < 0.005). For this mineral, interspecies differences were significant; with sheep milk Mg being highest followed by goat and cow milk Mg content (p < 0.0001).
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From the n These are org < 0.005). Pb, and Bi (Morais et al., 2012) . The metal content in milk and dairy products can be categorized into essential elements (Fe, Cu and Zn, in low doses) and toxic metals (Pb and Cd). The latter may have adverse impacts on human health even at low concentrations. Micro nutrient are crucial both for humans and livestock well-being and even though they are required in minimum quantities, they are cofactors of enzymes and proteins related to a number of physiological, biochemical and metabolic processes that are essential for proper growth and for the enhancement of productive performance (Yatoo et al., 2013) .
The average Ca content for the cow, sheep and goat milk samples in this study are shown in Table 2 . It is worth noting that the sheep Ca content is higher than the cow and goat Ca contents. This was observed in other studies namely by Bornaz et al. (2009) with concentrations of 2155, 1245 and 1205 mg/L, respectively. As with other studies, the current Ca content of milk for the three species was relatively lower. Sola-Larrañaga and Navarro-Blasco (2009) Gaucheron, 2011) . In the micellar phase, it is linked with the phosphoseryl residues of caseins while in the aqueous phase, it is able to bind to whey proteins or inorganic forms of phosphate-forming salts (McGann et al., 1983) . Calcium is a natural mineral essential for both livestock and humans. Studies (Pereira, 2014) show that an adequate calcium intake in humans reduces risk to develop osteoporosis and enhance bone density. The World Health Organisation associates a low calcium intake (below 400-500 mg/day) with increased fracture risks among older men and women especially in countries with high osteoporotic fracture incidence (WHO & FAO, 2003) .
In the present study, K was significantly higher particularly in cow and goat species with respect to sheep milk K content ( Table 2) The cow milk Mg content was higher (158.64 mg/L) for Tsioulpas et al. (2007) than the present study (Table 2) but was within the range of 77.120-141.915 mg/L quoted by Perween et al. (2013) . Sheep and goat milk contained higher Mg values (169.55±29.86 and 141.06±20.18 mg/L, respectively). In other studies, sheep milk demonstrated a predominant Mg content of 192 mg/L as compared to goat (138 mg/L) by Mayer and Fiechter (2012) and to cow Mg milk (91.8 mg/L) by Sola-Larrañaga et al. (2009) . Physicochemical conditions affect Mg levels in milk (Gaucheron, 2011) . Mg in the micellar phase is dissolved in the aqueous phase of acidified milk. Magnesium is one of the most essential micronutrients and it is vital for the proper functioning of the immune system. It is the second most abundant divalent cation according to Tam et al. ( 2003 and a critical co-factor in as many as 300 enzymatic reactions; Mg deficiency will diminish immune function and can potentially affect every organ of the body (Wu & Veillette, 2011) . The WHO (2001) In general, most studies showed a very low Cu cow milk content (0.004-0.070 mg/L) as quoted by Perween et al. (2013) and Sola-Larrañaga et al. (2009) . The Cu milk content in the present study for the three species was comparable to the study by Brescia et al. (2003) (0.31-0.32 mg/L) . Although the present study reveals a higher Cu content in sheep milk than in the other milk samples, Al-Wabel (2008) states that the cow milk has a predominant amount of Cu (1.875 mg/L) as compared to the sheep and goat Cu milk content (0.645 and 0.5938, respectively).
The local cow milk contained mean Fe content within the range of various cow milk samples analysed in other studies. The content goes in accordance with the values (0.580-7.320 mg/L) obtained by Perween et al. (2013) . However other studies quoted levels higher and lower than the local Fe content of milk. Brescia et al. (2003) determined contents of 1.18-1.27 ppm. On the other hand, Sola-Larrañaga et al. (2009) Vol. 9, No. 8; cow milk (> 16.19 mg/L). Comparing the three species Al-Wabel (2008) and Moreno-Rojas et al. (1993) demonstrated that sheep milk contains the highest Zn contents over goat and cow milk. In this current study the highest Zn content was found in cow milk (4.22±0.886 mg/L) compared to sheep and goat milk (3.82±0.92 and 3.31±0.79 mg/L, respectively). Zinc is present primarily in the micellar phase combined with casein (Gaucheron, 2011; Pereira, 2014) . Copper and Fe are microelements in milk and its products found only in small amounts (Gaucheron, 2011) . According to the World Health Organization (2001) the recommended daily dietary intake for Zn, Fe and Cu are approximately 10.5-14 mg/day, 14.4-43.1 mg/day and 900 µg/day, respectively).
Manganese was undetectable in this present study for all three milk types. In fact, milk is a poor source of Mn with approximately 0.33 and 0.21 mg/L in goat and cow milk respectively, according to Park and Haenlein (2008) . Zamberlin et al. (2012) stated that Mn acts as a co-factor for many enzymes and is involved in the synthesis of complex polysaccharides. Even though the body is only able to absorb only 3 to 5% of the dietary intake of Mn, no studies were carried out to confirm any health disorders associated with Mn deficiency. Likewise, Cr was undetectable too. It has been demonstrated by Cocho et al. (1992) that the Cr content ranged between 0.005 and 0.015 mg/L in cow milk. Chromium intensifies insulin performance and therefore is essential in the metabolism of carbohydrates, fats and proteins; however according to several studies no interaction between Cr and insulin has been yet identified (WHO, 1996; Stearns, 2000) .
Cadmium was completely absent in the current milk samples. However, in a study conducted by Rahimi (2013) , results demonstrated higher concentrations of Cd in sheep milk when compared to the other ruminants. This is not unlikely given that generally sheep milk contains a higher amount of minerals than cow and goat milk. In their study Rodríguez Rodríguez et al. (1999) discussed that Cd in cow milk samples was higher when protein content in milk increased and also mentioned that in other studies Cd content was associated with the protein fraction (casein fraction) in milk. Cadmium is 1000 times more toxic than Pb however food poisoning due to Cd intoxication is rare, as the level in foods is usually very low (Moreno-Rojas et al., 2010) . Environmental pollution has always been a problem and is significantly increasing due to industrial and agricultural emissions. Due to this, milk and milk products are continuously risking contamination especially from Pb and Cd which according to Suturović et al. (2014) , are the most commonly-occurring heavy metals polluted environment.
Conclusion
This study revealed minor differences in milk mineral constitution between the farms in Malta and Gozo. However, differences were observed between the ruminants. The cow and sheep milk showed distinctive mineral characteristics but the goat milk converged with the other two milk types. This study serves as a basis to distinguish the milk types by their mineral constitution, hence revealing any possible adulteration of one type of milk from a species with another type from another species. These would also reflect the characterization of dairy products derived from different milk types based on their mineral contents. Subsequently, the traceability of the milk type can be achieved on this basis. This study also shows the mineral nutritional value of the three milk types.
